implemented in full, it would still not have made any difference to the world's climate. Only a radically different approach to international decision-making can save the world from overheating.
In this essay I describe why this is so, and what this approach would look like.
Global warming is the international environmental problem from hell. It poses the gravest of ecological risks, and compiles all known hurdles to international environmental agreement. But first a crash course. 1 When the rays of the sun hit the face of the earth, heat is produced and rises up towards the sky. By burning fossil fuels, and undertaking other activities, we send a number of gases into the atmosphere that trap this heat close to earth. Over time, this causes the average temperature on our planet to increase. Fossil fuels include oil, coal, and natural gas. As a consequence, most human uses of energy contribute to global warming. When powered by fossil fuels, then driving a car, operating a plant, and heating and lighting a building, will all make the world warmer. For good measure, a number of agricultural activities also add to this greenhouse-effect. Methane, for instance, is a powerful greenhouse gas that is produced in the stomachs of goats, sheep and cattle, as well as by various ways of growing rice.
Human-induced global warming carries great risks. Warmer water takes up more space. A rise in global temperature will therefore lift the sea-level. This process will be accelerated by a melting of the ice-caps on the South Pole. As a result of the rising sea-level, small islands and low-lying coastal regions may become submerged. Rivers, lakes and groundwater will become saltier, which will threaten local agriculture. Equally important, an increase of the average temperature on earth will disrupt regional climates. Some parts of the world will get hotter, some colder, some rainier, some drier. But each climate will be affected. Not all plants and trees are able to migrate as fast as the world's climates will. Widespread destruction of flora and fauna, and further loss of farmland, may therefore follow from climate change. A wider spread of tropical diseases, such as malaria, can also be expected, as can an increase in storms and hurricanes in various parts of the world.
On top of all this, global warming might unleash forces that threaten life on a continental or even planetary scale. For instance, it might disturb the Gulf Stream that flows from the Gulf of Mexico Northeast across the Atlantic Ocean and that keeps Western Europe from freezing over. And no one knows for sure whether even a relatively small amount of global warming will not trigger an unstoppable, self-sustaining rise in global temperatures, turning Earth into a sister planet of Venus.
Given these grave threats, it is maddening to realise that the problem of global warming rolls into one package nearly all of the obstacles to international environmental cooperation that are laid out in Another factor that hampers international action on global warming is that it is caused by so many different human activities taking place all over the world: it is a "problem of many agents". This leads to the idea that it may be quite costly to slow down global warming. 4 It also leads to the view that this is a global threat that can only be warded off by close cooperation between all countries of the world. Yet, there are very few (if any) expensive and truly universal accords in place.
It also does not help that in the short term global warming is a rather invisible process. There is a considerable time-lag between the causes and effects of climate change. Greenhouse gases that are being released at present will affect our climate in 20 to 50 years time. Inter-governmental environmental action is typically triggered by a highly visible and widely publicised ecological disaster, such the oil spill from the Exxon-Valdez or the havoc wreaked upon the German forests by acid rain. Due to the time-lag between causes and effects, no such "luck" can befall the efforts to curb global warming.
To top things off, there is the North-South stalemate. The governments of the Southern countries have a solid case. They point out that the Northern countries have thus far been responsible for the overwhelming majority of greenhouse gas-releases -thus unilaterally inflicting environmental damage upon poor countries. Moreover, Southern countries have to cope with other, more pressing environmental problems that are much less of an issue in the North (such as soil erosion and the availability of drinking water). Moreover, all these actions would have to be monitored. In other words, just to reduce the contribution that a single firm makes to the greenhouse effect would, under this system of emissions-trading, already be fraught with difficulties and controversies. These would grow exponentially if this mechanism became available for all the firms in the industrialised world. Besides being rather unambitious, the Kyoto Protocol is therefore quite impractical.
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Furthermore, it is doubtful whether the work that is needed to turn the Kyoto Protocol into a success could ever be sustained or expanded. This is because its implementation depends on the continued willingness of a very large number of governments to cooperate. Its supporters have defended the Protocol as a "first step". But that first step has still been not been concluded nine years after the UNFCCC was agreed upon, and subsequent steps may actually be harder to make than this first one. Further steps would necessarily have to include the United States (as the largest current emitter of greenhouse gases) as well as developing countries (as their emissions may rapidly rise in the near future). But almost all developing countries have refused to accept the slightest hint of future obligations, whereas the United States Senate has stated time and again that it will not support any treaty that leaves developing countries off the proverbial hook. And even all these disagreements could miraculously be overcome at a certain point in time, then it would merely take a change of heart among China's rulers, or an economic downturn in Europe, to put the whole intergovernmental process at risk again. Last, but certainly not least, the Kyoto Protocol is too expensive, in that it is not centrally concerned with the development of new technologies and energy resources that might bring down the costs of combating global warming. True, there has been some lip-service. The Convention urges the Northern countries to "promote, facilitate and finance" a technology transfer to the South. The
Intergovernmental Panel on Climate Change (IPCC) has published a report on how to do this.
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But nothing else has been undertaken. More damagingly, the main policy instruments that have been discussed at the international negotiations do nothing to speed up the development and use of climate-friendly technologies.
The "command-and-control" policies that were until quite recently preferred by the European Union are notorious for not stimulating technological change. At best, these policies instruct firms to buy the greenest existing technology. But they do not spur companies on to use their knowledge and creativity in a risky effort to develop novel technologies and energy resources that are both profitable and emit less greenhouse gases.
Contrary to popular belief, it is not at all clear whether "emissions-trading" (championed by the Clinton Administration, and recently accepted by the European Union) fares much better.
Emission-trading may perhaps allow reductions of greenhouse gases to occur in those place where they cost least. But it may not promote much technological improvement. Proponents have argued that emissions trading will stimulate technological change by making it more profitable for firms to develop and use cleaner technologies and energy resources.
12
Opponents have argued that such a scheme will not lead to technological breakthroughs. In their eyes, it would only entice large, profitable corporations that emit a lot of greenhouse gases to buy off their pollution by acquiring extra permits, rather than to commit themselves to the more slippery slope that may lead to technological innovation. Having paid a lot of money for extra pollution permits, companies will be less inclined to take on the risks involved in developing and applying cleaner technology. The empirical evidence on this question is actually mixed.
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In any case, the point is rather moot given the many implementation problems that make trading in permits to release greenhouse gases wellnigh impossible to achieve. To summarise, we have now had nine years of protracted diplomatic battles (mostly fought out by people with the best of intentions) to produce a fragile and inadequate treaty on global warming that has not been, and probably will never be, ratified or implemented. Has all of this been in vain? No, the international negotiations have greatly raised people's awareness of the threat, and this is a vital pre-condition for any solution to global warming. Still, for two reasons the Kyoto Protocol and the UNFCCC represent a deeply flawed approach to fighting global warming. It is important to identify those reasons as they also offer the key to a real solution.
First, the problem of global warming, as currently perceived, is simply too difficult to solve.
Governments are asked to legally bind themselves to imposing high costs on their citizens and companies in a co-ordinated attempt to stem an uncertain environmental threat from probably happening in the not-so-near future. And all of this while a great many of these governments also have to deal with other, much more pressing environmental challenges, and have very few resources to draw on. As long as the issue of climate change is defined in these terms, it will not be solved.
The fatal flaw of the UNFCCC is that it does not alter this conceptualisation of the problem.
Second, formal, top-down, inter-governmental negotiations involving some 180 nation-states are not exactly a speedy and reliable vehicle for bringing any environmental issue to a close -let alone the Mother of All Environmental Issues. The UNFCCC is a typical example of the traditional diplomatic route to international agreement. Along this route, the diplomatic missions of the involved countries must first agree on, and sign, an official treaty. Thereafter, the treaty needs to be ratified by the parliaments in all involved countries. Only when a large number of such ratifications are in can the treaty enter into force. Then the process of monitoring starts. Usually, this legalistic route to international policy is a painstakingly slow process. Moreover, official ratification of international agreements tends to make the negotiating teams quite edgy as to the precise language used in treaties. This approach also assumes that both the governments and parliaments of more than 180 highly diverse countries can agree on the solution to a deeply complex, and perhaps costly, future ecological threat. Furthermore, it assumes that, once governments have agreed on international measures, they will actually be able to impose their will on the myriad of producers and consumers within their countries. These are shaky foundations indeed. In comparison, Sisyphus's chances of success looked much brighter. This is why the American negotiators have insisted on creating international markets in pollution permits -these are supposed to lower the costs of curbing global warming. My plan would assuage these concerns in another way. It would involve an all-out effort to make the fight against the greenhouse effect profitable by lowering the costs of energy.
The European Union, in its turn, has balked at the creation of international markets for emission permits. The many monitoring problems that are involved in the creation of such markets have made the European governments wary of such a scheme. Moreover, they have argued that countries have a moral imperative to clean up the mess that they have made within their own borders. In Bonn, the European Union grudgingly accepted a more widespread use of international emissionstrading, as this was the only way in which it could prevent the governments of Japan, Australia and to the Rhine river in Western Europe, and several other successful cases of environmental protection, will allow us to discern the answers to these pertinent questions.
Cleaning up Their Act
In the early 1970s, the Rhine (which flows from Switzerland through France and Germany before scattering all over the Netherlands) became widely known as the "open sewer of Europe". Since then, a major clean-up of the river has taken place. In the early 1970s, it was no longer possible for companies to deny that the Rhine had become extremely polluted. The river had turned yellow in places, had a foul smell, and dead fish regularly washed up on its banks. Under pressure from government departments, environmental groups and its own employees, the large chemical concerns (such as Hoechst, BASF, and Bayer) started to take environmental action. They went about this in a dynamic fashion, as if conquering a new market. These companies first set themselves ambitious targets for pollution reduction, and then developed the means and technologies that allowed them to reach those targets. In doing this, the chemical concerns along the Rhine took a risky approach that was the inverse of the command-and-control policies championed by the authorities. Government policies merely required firms on the Rhine to use the best available technologies for reducing water pollution. By contrast, a number of these corporations revolutionised wastewater treatmenttechnology, making possible reductions in water pollution that had hitherto been unthinkable. . And expectations are that the costs of wind energy will fall by another 20-30% in the next three years.
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Even the International Atomic Energy Agency has been forced to admit that wind energy will very soon be fully competitive in the strictest economic sense with fossil and nuclear power. Water energy has also been making a strong come-back after the disastrous experiences with It is already profitable to solely rely on photovoltaic energy in many poor, but sunny, areas. This is possible, as the use of photovoltaics enables these areas to avoid the construction of an electricity grid. Moreover, anywhere in the world, photovoltaic systems to generate heat and power can serve as walls and roofs of houses. The costs of doing so are sometimes actually lower than the costs of using traditional construction materials. In addition, the resulting energy costs for households are also lower. 26 This novel way of constructing houses is therefore also quite promising. Admittedly, a further significant cost reduction (of some 50-75%) will be needed to make solar energy fully competitive in all parts of the world, and for all possible appliances. But the tremendous and continuous reduction that has already been achieved during the last two decades strongly suggests that this is feasible. With prices having come down, demand has gone up, making it possible to reap economies of scale, and to lower the prices of renewables even more. In Germany, several energy companies now offer electricity that is solely derived from renewable energy resources and that is only slightly more expensive than electricity from conventional sources. In the United Kingdom, the Royal Society for the Protection of Birds (the largest wildlife federation in Europe) offers a similar deal together with a Scottish energy company.
In the transport sector, things have also been moving fast. Almost all major car companies are planning, within the next decade, to mass-produce affordable electric cars that are powered by fuel cells rather than by batteries. 27 When powered by widely available bioethanol and other types of biomass, these cars would not emit greenhouse gases. The costs of biomass have been halved during the last twenty years, and are expected to dwindle to the production cost of gasoline in some ten to fifteen years time. 28 In the somewhat longer term, the sky seems to be the limit. One exciting development is (molecular) nanotechnology.
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This truly revolutionary way of manufacturing aims to build things atom by atom.
These "things" include a mind-boggling array of goods and services. For now, it suffices to know that nanotechnology might enable us to double the energy efficiency of solar cells, as well as to remove contaminants from the air. Furthermore, the continued development of hydrogen may one day allow us to drive a car or fly a plane while producing only drinking water as a by-product.
The rise of the renewables is all the more impressive given the low priority these energy resources have been given over the years. Over 60% of all energy R&D undertaken around the world during the last forty years has been spent on developing nuclear energy. In sharp contrast, a meagre 6% has been used to support renewable energy.
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As we now know, the nuclear industry has not been able to offer convincing answers to the questions of what to do with nuclear waste, and how to clean up nuclear plants that are no longer in use. As a consequence, nuclear energy has widely been rejected in both North America and Western Europe. It would indeed not be far-fetched to believe that we would never have got into the current mess in the first place (or at least not to this degree), if the great majority of the world's energy R&D had not been used to fatten the white elephant called nuclear energy. I do not argue that combating climate change will be painless. A lot of money will have to be spent on breaking our allegiance to fossil fuels. Some industries and regions will suffer and decline as a result. Much infrastructure will need to be changed, and this will be expensive too. But if it were possible to make renewable energy resources cheaper than fossil fuels, and to adapt our modes of transport and production to these novel forms of energy, then we would save ourselves a literally unending stream of money. This point has been overlooked by those who have estimated that the costs of curbing global warming will range in the trillions of dollars. The IPCC has unfortunately bought into this view, thus throwing another log on the fire that has consumed the international politics of climate change. This move has been unnecessary, as it remains fully realistic and attainable to sink the costs of renewable energy below the costs of energy generated from fossil fuels.
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This is a realistic goal in view of the impressive progress that the renewables have already made during the last twenty years -against all odds. Moreover, there is much that governments and citizens can do to induce businesses to bring about this state of affairs.
A Snowball against Global Warming
How can governments trigger the quest for technologies and energy resources that are both cheaper and cleaner? Clearly, government expenditures on energy R&D need to be vastly increased. The present decline in public funding for energy projects should immediately be reversed. A couple of principles need to be followed when doling out this extra money. First, increased public funding should not diminish private investments in energy R&D. Second, it is vital not to put all public eggs into one basket. This, essentially, was the blunder of post-war energy policy around the world, gambling everything on nuclear energy. A wide variety of renewable energy resources and novel technologies should be supported, including some seemingly crazy schemes and far-out plans.
Forms of energy and technology that would not only be climate-friendly, but would alleviate other environmental problems as well, should be promoted in particular. Third, it is imperative not to channel all public funds through a single department or organisation. Allowing a diversity of 34 In terms of the models that have been built to predict the costs of combating climate change, I am siding here with the conclusions that follow from "bottom-up models", and against the results of "top-down models". When corporate leaders in these countries are offered conclusive evidence that their companies pollute the environment, they often attempt to change their ways. Therefore, engaging in a dialogue with industry leaders and environmental activists on the need to develop forms of energy and technology that do not emit greenhouse gases will probably have a significant impact.
But it will not be necessary to merely tread softly. A big stick can also be wielded by governments interested in curbing climate change. The energy prices on the world markets are neither divinely ordained, nor the natural outcome of unperturbed market forces. Energy prices are heavily influenced by existing infrastructure for producing, distributing and consuming energy, such as electricity grids. They are also dependent on many public institutions, including government regulation of energy markets, patenting rights, as well as taxes and subsidies. All of this gives governments quite a bit of influence over energy prices. At present, many government regulations and much infrastructure still rig the competition in the energy markets in favour of fossil fuels. An astonishing example of this is the $300 billion that governments all over the globe spend each year on subsidies for the use of fossil fuels. The European Union alone sponsors the use of the most polluting fuel, coal, with an annual $10 billion. 36 As a start, this playing field should be levelled as soon as possible.
The literature on innovation offers some insight on how technological growth can be stimulated.
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If governments want to promote innovation within firms and sectors, they have to allow for a minimum of "sheltered competition". In the energy markets, governments can offer such shelter to enterprises that are developing renewable energy resources by giving tax breaks, offering subsidies, revamping infrastructures and protecting patents. Given the large pool of opportunities to make clean sources of energy economically viable, these government measures would offer quite a few enterprises strong financial incentives to plunge headlong into the development of renewable energy
resources. An example of an effective domestic policy is the "100,000 Roof Photovoltaic
Programme" that the German federal government started in 1999.
Thus, a snowball-effect against global warming can be created. When it becomes clear that certain companies are well on their way to developing and deploying clean technologies and energy resources that are cheaper than existing dirty alternatives, then a mad rush to imitate will follow. How could international cooperation speed up this ever-increasing snowball against global warming?
It would be helpful if the OECD countries agreed on stringent goals for the reduction of greenhouse gases. But these goals should be seen as targets that government will strive to reach, and not as legally binding international agreements. In this way, the legal bickering that typically befuddles international treaties could be skipped. It would also allow for the formulation of much more ambitious goals than has thus far been the case. These ambitious aims should be based on the cutbacks in greenhouse gases that scientists deem necessary for the stabilisation of our atmosphere,
rather than on what might look "politically acceptable" to exhausted diplomats during the last few hours of an international conference. Moreover, having a set of very strict international norms would stimulate technological change. Technological innovation is an inherently risky process. It is therefore crucial to those who are contemplating investing in new technologies that the authorities will not waver in their support of these technologies. A strict international agreement on the reduction of greenhouse gases would flag to enterprising firms that the governments were serious about combating global warming.
Intergovernmental agreement on funding energy R&D would also be beneficial. This would not be strictly necessary, and should certainly not be subject to any legal obligations. However, it would ratchet up the R&D budgets of various countries that did not want to be seen as profiteers, or that worried about missing out on the latest technological developments. An international agreement on funding energy R&D would ideally be concluded by the finance ministers of the involved countries, in collaboration with the environment ministers. (On occasion, international measures against climate change agreed upon by the environment ministers of the European Union were later rejected by their colleagues from the finance ministries). 
